Background: The human papillomavirus (HPV) Persistence and Progression Cohort is a natural history study of carcinogenic HPV positive women. Here, we present the HPV genotypes found in first $500 cases of cervical intraepithelial neoplasia grade 3 (CIN3) or more severe disease (CIN3þ) diagnosed at the study baseline.
Introduction
Large cohort and case-control studies have clarified that human papillomavirus (HPV) is the requisite cause of cervical cancer and its immediate precursor (precancer) lesion, cervical intraepithelial neoplasia grade 3 (CIN3). The basic steps for cervical carcinogenesis are HPV acquisition, HPV persistence (vs. clearance), progression of a persistent carcinogenic HPV to CIN3, and invasion by the CIN3 lesion (1) . Young women after sexual initiation are the most apt to acquire truly new HPV infections (2) . Most HPV infections clear within a year or 2 (3) (4) (5) . Carcinogenic HPV infections that do not clear within a year or 2 are strongly associated with and/ or predict the development of CIN3 (5) (6) (7) (8) (9) . Finally, there is an approximately 30% risk of large CIN3 found in older women becoming invasive if left untreated (10, 11) .
Although these steps have been delineated, no single epidemiologic study has been sufficiently long enduring and large to study all these transitions in one population. The timeframe of developing cervical cancer from an incident HPV infection is approximately 25 to 30 years on average. Although HPV infection is quite common, only a small fraction of women go on to the next steps in the pathway.
Previous cohort studies have been underpowered to study the transition from HPV infection to persistence and progression to CIN3 because despite large sample sizes, only a fraction of women are positive for carcinogenic HPV at any one-time point. For example, a random sample of 10,000 women living in Costa Rica yielded an HPV-positive subcohort of less than 1,500 women, and only a small proportion of the HPV-positive women were diagnosed with CIN3 over the next 5 to 7 years. Because of the small numbers of HPV infections and outcomes, studying these transitions for individual HPV genotypes is not possible except for perhaps HPV16, which is the most common and most carcinogenic HPV genotype, causing approximately half of all CIN3.
We have initiated a large cohort study to study the transition from acute HPV infection to CIN3. Using the carcinogenic HPV testing by Hybrid Capture 2 (HC2; Qiagen) conducted as part of routine clinical practice, we have oversampled carcinogenic HPV-positive women (our sample of $60,000 women includes $50,000 HPV-positive women; refs. 12 and 13). A large cohort of HPV-positive women will permit us to study each carcinogenic HPV genotype individually rather than as a group.
To validate this approach, we conducted a baseline case-control study of HPV genotypes in clinical specimens from HPV-positive women diagnosed with CIN3 or more severe and a random sample of HPV positives with <CIN3. The primary goal of this analysis was to evaluate the use of HC2 testing to create a carcinogenic HPVpositive cohort. Secondarily, we wanted to describe the HPV genotypes in women diagnosed with CIN3, adenocarcinoma in situ (AIS), squamous cell carcinoma (SCC), and adenocarcinoma (ADC)/adenosquamous carcinoma (ASC). There has been limited number of large studies of HPV genotypes in CIN3 or CIN3þ in the United States (14-16) and fewer still with appreciable numbers of AIS and adenocarcinoma (16) (17) (18) .
Methods
At Kaiser Permanente Northern California (KPNC), women are tested by HC2 for carcinogenic HPV DNA to triage atypical squamous cells of undetermined significance (ASC-US; since 2001) and as adjunct to Pap smears in women aged 30 and older (since 2003) in accordance with current screening guidelines (19, 20) . The HPV Persistence and Progression Cohort (The PaP Cohort) was created by banking residual, waste cervical specimens, collected into specimen transport medium (STM; Qiagen), from women who tested HC2 positive in conjunction with routine cervical cancer screening. After specimens were used for HC2, the residual specimens were neutralized and archived (12, 13) .
For this analysis, we selected specimens from all eligible cases of HC2-positive CIN3þ diagnosed between January 2007 to October 2008. Eligibility was defined as women 21 and older who had not opted out from having their specimen banked and tested for HPV-related biomarkers including HPV genotypes. HC2-negative CIN3 is not routinely available because the histologic diagnoses are made available weeks after the clinical HC2 is complete and the residual specimen is discarded if not selected for banking. HC2-positive women without CIN3þ (<CIN3) and HC2-negative women were selected at a ratio of 2:1 and 1:2, respectively, to the cases of CIN3þ. We restricted this analysis to women 30 The MY09/M11 L1 degenerate primer PCR (MY09/11 PCR) method used to test banked, residual STM specimens (after HC2 testing) for HPV genotypes has been described previously (22) . Dot blot hybridization of the amplicons using HPV genotype-specific oligonucleotide probes was used to identify over 40 individual HPV genotypes (22) . For some of the rarer noncarcinogenic HPV genotypes, small pools of probes were used (e.g., HPV26, 69, and 82) to probe the amplicons on the dot blots for a group of noncarcinogenic HPV gentoypes rather than single probes for individual noncarcinogenic HPV genotypes; because the focus of these analyses were HC2-targeted HPV genotypes, positive results for these pooled probe sets were simply classified as noncarcinogenic HPV. The HPV genotypes targeted by HC2 were considered the carcinogenic HPV genotypes (23) , and all others were considered noncarcinogenic. We classified the HPV genotype detection hierarchically according to cancer risk (HPV risk group; ref. 24): HPV16, else HPV16 negative but positive for HPV18, else HPV16 and HPV18 negative but positive for other carcinogenic HPV genotypes, else negative for all carcinogenic HPV genotypes but positive for noncarcinogenic HPV genotypes (including specimens that were genotype-negative but classified as PCR positive based on positive generic probe hybridization), else PCR negative. HPV genotypes were also grouped according to 2 main phylogenetic species with carcinogenic HPV genotypes (25) : alpha-7 (HPV18, 39, 45, 59, 68, 70, 85, and 97) and alpha-9 (HPV16, 31, 33, 35, 52, 58, and 67).
PCR results were available for 445 CIN3þ (99.3%) and 819 <CIN3 (98.9%); there was no difference in the fraction of missing PCR results by study group (P ¼ 0.6, Fisher's exact).
Specimens that tested positive for HPV but no HPV genotype was detected were rehybridized and/or subjected to sequencing. Fifty-five CIN3þ and random sample of 69 PCR-negatives with <CIN3þ were retested to maximize HPV genotype detection.
Statistical analysis
First, we calculated the prevalence of HPV risk groups with binomial 95% CI among HC2-positive women. Second, we calculated the prevalence of individual carcinogenic HPV genotypes, HPV risk groups, and alpha-9 and alpha-7 HPV genotypes for each histologic diagnosis, treating no histology as a separate category from negative histology, and for grouped histologic diagnoses, CIN3þ (CIN3, AIS, SCC, ADC, and ASC) versus <CIN3. We calculated the risk ratio and 95% CI for CIN3þ to <CIN3 as a metric of carcinogenicity.
We were interested in whether there was a difference in the HPV16-positive fraction of cervical precancerous lesions, CIN3 and AIS, which is the primary target of a cervical cancer screening program. We therefore evaluated the fraction of HPV16 positivity in women with CIN3, AIS, and CIN3/AIS by age group (30-39, 40-49, 50-59, and !60) and as a reference, women with <CIN3. We tested for significant difference in the fraction of HPV16 positivity by age using a 1-degree (Mantel-Haenzel) test of trend. We calculated the odds ratios and 95% CI as a measure of association of HPV16 with CIN3/AIS (vs. <CIN3) for each age group.
Finally, among those with retrievable Pap results (n ¼ 1,237 of 1,278, 97%), we calculated the prevalence and age-adjusted OR (aOR) with 95% CI of HPV risk groups with CIN3þ (vs. <CIN3) in HC2-positive women 30 and older with and without concurrent cytologic abnormalities (normal vs. !ASC-US). We assessed the interaction between HPV risk group and cytologic status (normal vs. !ASC-US) for their association with CIN3þ (vs. <CIN3) using a likelihood ratio test.
Results
The prevalences of HPV genotypes and HPV risk groups for each histologic diagnosis among HC2-positive women are shown in Table 1 . With increasing severity of diagnosis, there was a shift to the higher risk HPV risk group. Among women with a CIN3 diagnosis (n ¼ 349), HPV16 (46.1%), HPV31 (10.9%), and HPV58 (8.3%) were the most common HPV genotypes. Among women with a SCC diagnosis (n ¼ 35), HPV16 (71.4%), HPV52 (8.6%), and HPV18 (5.7%) were the most common HPV genotypes.
Among women with an AIS diagnosis (n ¼ 43), HPV16 (55.8%), HPV18 (30.2%), and HPV45 (14.0%) were the most common HPV genotypes. Similar to AIS, among women with an ADC/ASC diagnosis (n ¼ 19), HPV16 (47.4%), HPV18 (31.6%), and HPV45 (15.8%) were the most common HPV genotypes.
Women with CIN3/SCC were 79.4% positive for alpha-9 HPV genotypes and 13.8% for alpha-7 HPV genotypes. Women with AIS/ADC/ASC were 59.7% positive for alpha-9 HPV genotypes and 40.3% for alpha-7 HPV genotypes. HPV16 (49.1%), HPV31 (9.4%), and HPV18 (8.5%) were the most common HPV genotypes in CIN3þ. HPV16 1 was the most strongly associated with CIN3þ (vs. <CIN3; risk ratio ¼ 3.9, 95% CI ¼ 3.2-4.8); HPV45 (risk ratio ¼ 1.7, 95% CI ¼ 0.92-3.3) and HPV18 (risk ratio ¼ 1.5, 95% CI ¼ 0.97-2.2) were the only other HPV genotypes positively albeit nonsignificantly associated with CIN3þ. Conversely, HPV56 (risk ratio ¼ 0.25), HPV68 (risk ratio ¼ 0.27), and HPV39 (risk ratio ¼ 0.53) were the most weakly associated with CIN3þ. Stratification on whether single vs. multiple HPV genotypes were detected did not appreciably change these patterns although we only had 174 PCR-positive women with multiple HPV genotypes (16.4%; data not shown). Figure 1 shows that the percentage of HPV16 positives in CIN3 (P ¼ 0.006), AIS (P ¼ 0.08), and CIN3/AIS (P ¼ 0.002) decreased with older age groups; a similar trend for women with <CIN3 was not statistically significant (P ¼ 0.4; Fig. 1A) . Thus, the strength of association of HPV16 with CIN3þ (vs. <CIN3) declined with age (Fig. 1B) .
We compared the distribution of HPV risk groups between CIN3þ and <CIN3 among HC2-positive women 30 and older with concurrent abnormal or normal Pap smears (Table 2 ). In general, we found similar prevalence of HPV risk groups in each subgroup although there tended to be more PCR negativity among Papnegative (22.2%) than Pap-positive women (11.4%) who were HC2-positive with <CIN3. Compared to the other carcinogenic HPV types in aggregate, HPV16 was significantly and similarly associated with CIN3þ in HC2-positive women with (OR ¼ 6.1, 95% CI ¼ 4.0-9.2) and without (OR ¼ 9.0, 95% CI ¼ 3.0-23) concurrent abnormal Paps. Interestingly, HPV18 was not associated with CIN3þ in HC2-positive women with abnormal Paps (aOR ¼ 1.3, 95% CI ¼ 0.74-2.3) but was associated with CIN3þ in women with normal Paps (aOR ¼ 5.7, 95% CI ¼ 1.2-26) compared to the other carcinogenic HPV genotypes in aggregate. Overall, there was significant statistical interaction between HPV risk groups and cytologic status (P ¼ 0.01, likelihood ratio test), driven it appears mainly by greater percentage of HPV16 and HPV18 in CIN3þ in women with normal cytology compared to women with abnormal cytology.
Discussion
In this analysis, we made several observations. First, we showed that we could successfully develop a natural history study of HPV based on banking waste cervical specimens in STM after the HC2 was completed. We had similar prevalences of carcinogenic HPV genotypes in CIN3, AIS, ADC/ADSC, and SCC as recently reported for the United States (16) . For example, we observed the 
<CIN3
N ¼ 625 expected shift of testing positive for alpha-7 HPV genotypes, particularly HPV18, for glandular lesions compared to squamous lesions. We had a similar proportion of SCC positive for HPV16 and HPV18 as reported from a large systematic review (24) and a recent tissuebased worldwide study of cervical cancers (26) but greater than a tissue-based study of cervical cancers in New Mexico (16) . This difference might be the result in differences in specimen type (cervical exfoliative cells vs.
cervical tissues) and/or the population, or it might be due to random chance as we had only 35 SCC included this study. We also acknowledge that that there may be some misattribution due to multiple HPV-genotype infections (27) , especially for HPV16 because we assume that any CIN3þ with multiple infections that included HPV16 are caused by it. Notably, we did not miss a significant proportion of carcinogenic HPV infections, as only 10 of 278 (3.6%, binomial 95% CI 1.7-6.5) HC2-negative specimens (all ages) tested PCR positive for carcinogenic HPV (data not shown).
We noted 1 potential limitation to our approach, a slightly higher percentage of PCR negative results than expected. The cause is unknown but could be the result of the processing of the entire STM specimen for routine clinical HPV testing, prior to our PCR-based genotyping. This interpretation, if true, means that the problem is unavoidable.
Second, albeit based on small numbers, we found that HPV18 was more strongly associated with CIN3þ among women with normal Pap than with abnormal Pap (n.b., HC2-positive, Pap-negative women would not normally be referred to colposcopy unless there was a positive screening result on the previous visit). One obvious implication is that HPV testing may identify HPV-positive, especially HPV18-positive, precancerous lesions that would be otherwise missed by Pap. Perhaps not surprisingly, there were more glandular lesions among HC2-positive, Pap-negative women diagnosed with CIN3þ than among the Pap-positive women (P ¼ 0.02, Fisher's exact; data not shown); the 3 CIN3þ cases found among HPV18-positive, Pap-negative women included 2 AIS and 1 adenocarcinoma. The rise in the incidence of adenocarcinoma juxtaposed with the decline of squamous cell carcinoma suggests that screening with Pap alone does not effectively detect precursors, for example, AIS, of invasive adenocarcinoma in a timely fashion (28, 29) . Recent reports from ongoing randomized trials evaluating HPV testing have found a nonsignificantly greater proportion of AIS in the HPV study arm compared to the conventional Pap (30) (31) (32) , providing further evidence that HPV testing improves the detection of glandular precancerous disease.
Finally, we also found evidence in this screening population that HPV16-related precancerous lesions, CIN3 or AIS, occur at younger ages than those caused by other carcinogenic HPV genotypes. This is consistent with several previous reports indicating that HPV16-related CIN3 occurred at a younger age than CIN3 caused by other HPV genotypes (14, 16, 33) and HPV16-related cervical cancers (and HPV18-related cancers; n.b., using tissue-based HPV genotyping) occurred at a younger age than cervical cancers caused by other HPV genotypes (16, 26) . These data indicate that HPV16-induced (and perhaps HPV18-induced) cervical carcinogenesis proceeds more rapidly than that induced by other carcinogenic HPV genotypes. Our data extend the finding to precancerous glandular lesions, and highlight the unique natural history and carcinogenicity of HPV16. We surmise that in populations HPV vaccinated before becoming sexually active, with HPV16 removed, the peak age of precancerous lesions will shift to older ages and it would be beneficial to delay initiation of cervical cancer screening in the United States to the age of 25 or even 30 years of age to increase the programmatic specificity. In addition, the removal of HPV16 and HPV18 from the general population should dramatic decrease the predictive value of a positive screening test, HPV or cytology, resulting in ambiguity about the best method of screening, the frequency of screening, and the appropriate management of screen positives. It has been suggested that a switch to HPV-based screening might avoid some of the difficulties of trying to maintain a cytology-based program in a very low-risk population in which nearly all cytologic readings will be normal, resulting in reader "fatigue" (34) .
The different natural history of HPV16 may also have clinical implications for using HPV16 detection as a triage for HPV-positive, Pap-negative women (20, 35) : a smaller fraction of precancerous lesions will be attributable to HPV16 in older women versus younger women. Thus, clinical sensitivity of using HPV16 as a triage for HPV-positive, Pap-negative will decrease with age, leaving more women with undetected CIN3 to 1-year follow-up rather than immediate colposcopy. We hope to address this and other questions in our large HPV-positive cohort study.
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